The increase in conservation tillage offers possibles benefits of decreasing soil compaction risk by wheeling. The objective this work was to evaluate the effect of the minimum tillage and direct drilling system after four and eight yars of continuous no-tillaging, on the soybean yield in function of the soil density and organic matter content. This trial was carried out on Oxisol, at Parana, subtropical region from Brazil. The relationship between yield of soybean and tillage system was analyzed as function of the soil density and organic carbon using linear regression model. No-tillage system four years (NT4) and minimum cultivation system in eight years of no tillage (MT8) showed greater decrease in soil density on the surface layer as a function of time, respectively, 0.22g cm-3 (1.318 -1.098) and 0.24 g cm-3 (1.248 -1.010). Adjust of response curves of soybean yield as function of soil density and organic matter describes strong positive contribution of organic carbon in soybean productivite on the NT4 system and describes no interference of soil density on this system. In both systems (NT8 and MT8), the soybean yield decreases with increasing soil density. Soil sub-surface management after continuous periods of no-tillage should be investigated.
Introduction
The Brazil advances to become the largest producer of soybeans in the world. This goal should happen with investments in more production technology. Although the total produced is still lower than the U.S., the productivity of Brazil is currently exceeding 3,106 kg / ha (CONAB, 2012) against 2,922 kg / ha of Americans (FAO, 2012) , which characterizes the total acreage of 24, 2 million ha in Brazil versus 30.5 million ha in the USA. Compared to corn crop, although Brazil currently occupies the third position in the ranking of the largest producers of corn in the world, with a planted area of 15.2 million ha and yield of 4,799kg / ha, the setting for the corn crop is different with respect to soybean because Brazilian climate is not favorable for increasing its productivity. The implementation of farming systems, depending on how they are adopted within the agricultural property, may affect crop productivity implemented and physical quality of agricultural soils as density, porosity and the reserves of organic matter. The study of the changes in soil bulk density and in organic matter produced by various cropping practices such as direct-drilling and minimum tillage is fundamental to our knowledge of the causes and effects of the soil compaction.
Research has shown that direct drilling system provides greater coverage in surface soil due to crop residue left during the harvesting operation (Diaz-Zorita et al., 2002; Alvarez and Steinbach, 2009) . Although its benefit in improving the physical and structural properties of the soil is established (Blanco-Caqui et al., 2012) , the questions remain about its impact on crop yield, since some research has indicated the trend decline in yields crops after several years of continuous direct drilling system (Botta et al., 2010) . Conversely, there is few information available about the changes in the physical parameters of the soil and concentration of soil organic carbon affecting crop yields in intensive and non-intensive direct drilling system. Queiroz et al. (2011) studying inter-relation between soybean yield and soil compaction in crop-livestock integration system concluded that from the linear and spatial point of view, the high grain yield can be explained by the number of grains per plant and soil macroporosity.
The search for a cultivation system which improves the soil structure and makes possible the agricultural management sustainable and the environmental damages are reducing the maximum, is essential to the modern agriculture. In this context, it is necessary to adopt a system of tillage that contributes to improvement the soil quality, increasing the productivity of the cultures and reducing the final cost of production (Queiroz et al., 2011) . Soil compaction has serious consequences on crop production and on the environment (Soane & Van Ouwerkerk, 1994) .
Conservation tillage is intended to leave residue on the soil surface, and may include minimum tillage (using disks or chisel plough, for example) or no-tillage (Dam et al., 2005) , minimizes erosion, conserves water within the root zone, and improves soil productivity (Durr et al., 2001 ). This tillage system, which decreases or eliminates tillage operations and maintains greater amount of crop residue on the soil surface, is increasing worldwide and makes possible the quickest and efficient operations. Direct drilling is a type of conservation tillage where the soil is left undisturbed prior to planting, and weed control is accomplished primarily with herbicides (Miller et al., 1998) . This practice of management increases the organic matter in the superficial layer, where the crops residues are concentrated by the absence of physical incorporation through soil mobilization (Franzluebbers, 2005 and Salvo et al., 2010) . In this sense, the stratification of the organic matter in the profile is an indicative parameter of the soil quality (Brady and Weil, 2002 and Franchine et al., 2007) . For some researchers, tillage effects on soil physical properties are variables. Benjamin (1993) concluded that the direct drilling system had as great or greater hydraulic conductivity as both the moldboard plow-disk tillage and chisel plow-disk tillage systems owing to either a greater continuity of pores or to water flow through a few very large pores. Azooz et al. (1996) , in Northwestern Canada, found in the direct drilling retained more soil water than conventional tillage system. Bulk density is considered to be a measure of soil quality due to its relationships with other properties (eg., porosity, soil moisture, hydraulic conductivity, etc.). It depends on the specific gravity of the particles it contains and their arrangement. Since the specific gravity of the mineral portion of soils, is more or less constant, soil structure is chiefly responsible for fluctuations of soil bulk density. Pereira et al. (2007) studied the different factors that may change with direct drilling (soil porosity, soil moisture, carbon content) and quantifying their impacts on soil mechanical properties, contributing to an evaluation of the possible benefit of direct drilling in decreasing soil compaction risk. Adoption and successful implementation of no-tillage is strongly dependent on the farmer's knowledge of the technology involved in such a system (Cavalieri et al., 2009) .
Crop yield is affected by field characteristics and operations as soil strength, compaction, soil water, tillage and residue practices, time of field operations and soil fertility, which together influence emergence, root development and nutrient availability (Curnoe et al., 2001) The compaction of the soil arable layer can reduce the productivity of the cultures when the soil reaches high density and low porosity, making difficult the penetration of the roots and the storage of water (Queiroz et al., 2011) . In this layer, the compaction of the soil has increasing in the last years and it became a factor limit for the increase of the productivity of the direct drilling systems sustainable in the soils of clay texture (Hakansson, 2005) .
The Western region of the Paraná (Brazil) has, in common, soils with high contents of clay, with more trend to arrangement of the particles. These characteristics make them easily compact reducing the efficiency of the agricultural operations. (Castro Filho, 2002) .
The soil compaction affects the soil physics-mechanics properties in bigger or less intensity, most times in the negative form, restricting the development of the roots of the plants, reducing the absorption of water and nutritious and affecting the yield of the cultures (Blaco-Caqui et al., 2012) .
Little data are available on the changes in soil physical parameters and SOC concentration, affecting crop yield in intensively managed no-tillage systems, and with minimum tillage after no-tillage.
Our objective was to evaluate the effect of the minimum tillage and direct drilling at short-term and long-term, in the soil bulk density, organic matter content and in the soybean culture yield. Table 1 shows the soil bulk density and organic carbon content measured in two periods of soil collect after the drilling at three depths on the tillage system. Soil bulk density and the organic carbon content were measured to determine if significant difference existed after implementation of the tillage system.
Results and discussion

Soil bulk density and organic carbon
All tillage systems decreased the soil bulk density significantly over the periods (p1 to p2) at the three depths, except MT4 at 0.05-0.10 and NT8 at 0.10-0.20 (table 1, p within Ts x d). Direct drilling on no tillage system four years induced a larger diminution at the surface from 1.318 to 1.098 g cm -3
. Average bulk density was significantly lower in the surface layer (0-0.05 m) than the underlying layers at the second period (p2) of sampling. No tillage system four years NT4) and minimum cultivation system in eight years of no tillage (MT8) showed greater decrease in bulk density on the surface layer as a function of time, respectively, 0.22g cm -3
(1.318 -1.098) and 0.24 g cm -3 (1.248 -1.010). Analyzing the effect from no-tillage systems at short-term and long term, on the soil bulk density at superficial layer on the end of the crop cycle (p2), we notice increase of 8,2% of NT8 regard NT4. These results are consequences of the strong reductiom of organic matter during the crop cycle. At this period organic carbon content decreased 20,9% of NT8 regard NT4 (Table 1) . These results show evidence that organic matter tends to decrease on the mineral constituents in tillage system of long time. (Table 1) . Regarding tillage systems NT4 and MT4 (Table 1 and Fig. 1 ) there is significant decrease in soil density on depths of 0-0.05 and 0.05-0.10m except on period p2, depth of 0.05-0.10m. These results suggest that the chisel plow benefited the reduction on soil density at this depth, maintaining fairly porous structure, since the soil sampling was carried out with few days after the soil management (period p1). 
Fig 1.
Soil bulk density in function of the depth in direct drilling tillage during four and eight years and minimum tillage after direct drilling of four and eight years (Period p1, one day after sowing; Period p2, sixty days after sowing. Values followed by th e same uppercase letter (in the period) and lowercase (in the tillage system) do not differ statistically (Tukey test, P < 0.05).
Fig 2.
Linear regression models of soybean yield as a function of soil density and organic carbon in NT4, MT4, NT8 and MT tillage systems. (2011) had observed lower soil bulk density on no-tillage than conventionnal tilled, in experiments with more 20 years. Direct drilling generally induces an increase in bulk density in layers of depth below 10 cm due to energy from Wheel loading (Botta et al. 1999 and Botta et al., 2012) . At the same depth there was a reduction in soil density in all tillage systems in p1 compared with p2. These results can have taken place, probably, because the samples from p1 were collected one day after the sowing. Since the ground is very clay, obviously, it can have taken place the effect of load by wheeling, modifying the soil structure and increased its density. It is possible to be considered also that other sampling from p2 were carried out 60 days after the sowing and immediately after the harvest of the soybean. In this period there was sufficient time for the soil relaxation has been influenced by the effect of the action of plant roots, as well as of the free organic matter in the soil structure, which are the probable causes of decreased bulk density. On average, organic carbon (OC) concentration showing values NT4 greater than in MT4, MT8 and NT8, respectively, in all layers of the soil (p<0.05) ( Table 1) . At the same depth, NT4 had higher concentration of organic carbon compared to NT8, indicating that the duration of use of no-till system did not generate increase in the concentration of organic carbon after 4 years. Also at the same depth, p1 showed higher tendency in the concentration of OC compared with p2 in all cropping systems, except NT4 depth 0 to 0.05m (Table 1) , which suggests the contribution of coverage of cultural remains at the soil surface before sowing. Variations ). When OC is conpared among tillage systems as a function of the depth (Table 1) , the results show that the organic carbon produced under NT4 was 4.7%, 21.6% and 5.1%, respectivelly, higher than under MT4, MT8 and NT8 in the surface (0 to 0.05m) and 8.1%, 18.0% and 12.5% on depth (0.05 to 0.10 m). These results indicate strong OC decrease trend in no-till system, the long time in the layers below the 0.10 m. Thus, in general, our observation is that organic carbon below 0.10 m was not improved with minimum tillage system and has tended to decrease on no-tillage at long-time. All the systems appear to reach an equilibrium level at depth from 0.10 -0.20 m. The reflexes of these results are perceived in those of soil density (Table 1) , since no change of soil compaction was observed on this layer.
On average, Viaud et al. (2011) found on 0-5 cm layer, relative difference in SOC stocks from 20%, between shallow tillage and mouldboard ploughing and 15% for shallow tillage and no-tillage. Arvidsson (1998) and Ihmoff et al. (2004) , studying influence of the organic matter on soil bulk density, noted that the compression ratio was not affected by the organic carbon content of the soil, whereas Pereira et al. (2007) found a positive correlation between the compression coefficient and the content of organic matter in the soil.
Our study shows tendency of better distribution of organic carbon in the layer 0 to 10 cm in cultivation systems in the short term option. Our results also reveal that organic matter tends to decrease strongly in the 10 to 20 cm layer over time in the no-tillage system (Table 1) , NT4 and NT8. We understand that the reduction is associated to the repetitive effect of the load of the agricultural machinery in the operations of tillage along the years and the interaction with the soil texture, 62 % of clay.
Grain yield of soybean
Soil Bulk density revelead weak positive correlation with soybean yield in NT4 (r = 0.10) and strong positive correlation in MT4 (r = 0.92), NT8 (r = 0.95) and MT8 (r = 0.98), respectively (Fig. 2a) , while, the organic matter revealed strong positive corelation with productivity in NT4 (r = 0.66) and strongly negative in MT8 (r = -0.91). In other MT4 systems (r = 0.03) and NT8 (r = -0.02), the organic matter was weakly correlated with productivity (Fig. 2b) . Fig.  3 a, b, c and d show the response curves of soybean yield as function of soil bulk density and organic matter in NT4, MT4, NT8 and MT8 systems, respectively. It observed in Figure 3a that the fitted function = 259.5 − 6664 + 8.39 * 10 11 / , of the NT4 system, describes strong positive contribution of organic carbon in soybean productivite. The function describes no interference of soil bulk density, in this system. In this case, for the studied parameters, the model suggests that for the richest soil in organic matter, there is tendency for most soybean productivity. In systems, MT4, NT8 and MT8, the fitting the response functions of production as a function of bulk density and organic matter had similar behavior, such as: = + + * . figure 3b, c and d) . In tillage systems of eight years, the productivity function varies from a constant value plus the linear portion of the organic carbon. In both systems (NT8 and MT8), the increase of soybean yield decreases with increasing soil density. The adverse effects of soil compaction in soybean production are well described by the functions in these two systems. Our results show that the soil bulk density contributed with increment of 3.3 times on reduction of the soybean yield in MT8 (-23.74/BD) regarding MT4 (-7.21/BD), Fig. 3 c, d ). Thus, in this study the regression models showed that soil bulk density and organic carbon content were well accepted as key indicators to estimate the soybean yield. Our results showed that the effect of cultivation practices in soybean production in the western region of Paraná was higher in the NT system than in MT, with NT4 showing higher production that NT8. It occurred relative increase in productivity of NT4 (4.58 t / ha) regarding to NT8 (4.34 t / ha), with increase of 5.5% in productivity. This difference was greater when contrasted NT4 (4.58 t / ha) with MT4 (4.04 t / ha) showing an increase of 13.24%. These results highlight the need for the adoption of no-tillage in the region with same climatic characteristics and of soil, (Diaz-Zorita et al., 2002) observed that in general, no-till adoption, in the subhumid and semiarid Pampas is related to soil water conservation that allows adequate planting dates for maximal yields. Tanaka et al (1992) obtained growth in the productivity of the soybean, after the incorporation of leguminous plants like the crotalaria and the velvet bean and attributed such results to the reduction of the population of phytopathogenic nematodes, caused by the cultivation of these green manure sorts. However, our results contrast those obtained ones by Carvalho et al. (2004) that found greater productivity of soybean in the conventional tillage system under direct drilling system. For these authors the factor that can have contributed to greater productivity in the conventional tillage system went the lower soil density, resultant of this system which can have provided more growth of the plants roots and absorption of water and nutrients. In our case, probably, the smallest values of yield, in the soil from minimum tillage system, were caused by the low volume of rains, during the cycle of the culture (February to March, Fig. 4 ). In the soil from direct drilling system, the crop residue remains on the soil surface, avoiding the evaporation the water, the same does not happen with the soil from minimum tillage system, which ground is left unprotected and the evaporation is more accented.
Materials and Methods
The sampling was carried out in 2004/2005 at the agricultural Farm in Medianeira, western of State of Paraná (25°20'S, 53°59'W), with height of 422 m, South of Brazil. The soil was a Latossolo Vermelho, Brazilian classification (EMBRAPA, 2006) , corresponding to an Oxisol, FAO (1975) , with granulometry averaging 620, 220, and 160 g kg -1 for clay, silt, and sand, respectively. According to Koppen's system the climate is classified as Cfa (mesothermic), wet with a mean annual precipitation and temperature of 1955 mm and 23 ºC, respectively.
The experimental area was constituted for four tillage systems: direct drilling with no tillage during four consecutive years (NT4); minimum tillage (MT4) after four consecutive years with no tillage; direct drilling with no tillage during eight consecutive years (NT8) and minimum tillage (MT8) after eight consecutive years with no tillage. In the NT4 and NT8 systems, the same machine sets were used and the same crops, soybeans (Glycine max (L.) Merr.) in the summer and maize (Zea mays L.) in the winter. The system was characterized like a succession of crops without rotation. The experimental site had been managed on conventional tillage with mouldboard ploughing to depth 0.20 -0.30 m and harrowing before the implementation of the no tillage system.
Field operations with tractors Valtra 785 4x2 TDA 55.2 kw, scarified, seeder varied according to tillage system. Proceeding as fertilizing, control of weeds and other treatments were carried out according to necessity and agronomic recommendations for the crops. With direct drilling, the crop residues were left on the soil surface, whereas, in the minimum tillage system, the residues were incorporated into the soil.
Statistical analysis
The experiment consisted of four randomized blocks constituting the 4 cropping systems and 4 repetitions within each block, with dimensions of 12 m of width for 50 m of length for each block. We use tri factorial design: tillage system (NT4, MT4, NT8 and MT8), soil sampling depth (0 to 0.05, 0.05 to 0.10 and 0.10 to 0.20m) and sampling period(p1 and p2).
A total of 96 soil samples ( 4 tillage systems, 3 soil depths, 2 sampling period, and 4 replications) were collected in steel cylinders (inner diameter 70 mm, height 24 mm) and tested. The effects of these factors, as decisive variables, on soil bulk density and organic carbon were analyzed using ANOVA. For the significant F case, the means were compared by Tukey test at 5% probability (SISVAR).
The relationship between yield of soybean crop and tillage system was analyzed as function of the soil bulk density and organic carbon using linear regression model to quantify the effect of these factors on crop productivity. The response curve fitting procedure for the factors-treatment was performed using the Table Curve software (JANDEL  SCIENTIFIC, 1991) .
Soil bulk density and organic carbon
The undisturbed soil samples were collected at depths of 0-0.05, 0.05-0.10, and 0.10-0.20 m using cores with an inner diameter of 70 mm and a height of 24 mm (Pereira et al, 2007) . They were carried out in the laboratory of the course of Agricultural Engineering (UNIOESTE -Cascavel -PRBrazil). They were finally oven dried at 105 °C for 24 h to obtain dry soil mass. The dry bulk density was determined according to EMBRAPA (1997) . Soil clods also were collected and wrapped in plastic for determination of soil texture and particle density (Monnier et al. 1973 ) and soil organic carbon (Raij et al., 2001) The soil organic carbon content was determined colourimetrically by dichromate oxidation method as described by Raij et al. (2001) . The analyses were determined in the laboratory of Soil of the Cooperative of Economical and Technological Development -(COODETECCooperativa de Desenvolvimento Econômico e Tecnológico, Paraná -Brazil -in Portuguese).
The dry bulk density and organic carbon content were determined with collect of the soil six day immediately after the sowing (period p1 -November 3, 2004 in the systems NT4 and MT4, November 6, 2004 in the systems NT8 and MT8) and one hundred and ten days (110) after the sowing (period p2 -February 24, 2005 in the systems NT4 and MT4, February 28, 2005 in the systems NT8 and MT8) , with four replications for each depth.
Grain yield of soybean
Grain yield was evaluated by means of manual harvest in all experiment. The track was effectuated in a stationary thrasher. Seeds were cleaned, weighed, and values were corrected for 13% moisture, after determination of grain moisture in a Vurroughf 700 grain-moisture analyzer, and transformed in kg ha -1 .
Conclusion
Direct drilling system long-term induces to an increase in the soil bulk density in the layer of subsurface depth. We have established effect of the relationships between the direct drilling system from four and eight years of continuous tillage and minimum tillage system after four and eight of direct drilling continuous, with the soil depth in the soil bulk density and organic matter. No-tillage system at long term showed at the superficial layer on the end of the crop cycle (p2), increase on the soil bulk density of 8.2% regard NT4. Duration of use of no-till system did not generate increase in the concentration of organic carbon (OC) after 4 years, showing values of NT4, greater than in MT4, MT8 and NT8, respectively, in all layers of the soil. Our study shows tendency of better distribution of organic carbon in the layer 0 to 10 cm in cultivation systems in the short term option. Our results also reveal that organic matter tends to decrease strongly in the 10 to 20 cm layer over time in the no-tillage system. Adjust of response curves of soybean yield as function of soil bulk density and organic matter in NT4, MT4, NT8 and MT8 systems describes strong positive contribution of organic carbon in soybean productivite on the NT4 system. The function describes no interference of soil bulk density on this system. In both systems (NT8 and MT8), the soybean yield decreases with increasing soil density. The adverse effects of soil compaction in soybean production are well described by the functions in these two systems.
